Fluorescence microscopy has profoundly changed how cell and molecular biology is studied in almost every aspect. However, the need of characterizing biological targets is largely unmet due to deficiencies associated with the use of fluorescent agents. Dye bleaching, dye signal saturation, blinking, and tissue autofluorescence can severely limit the signal-to-noise ratio (SNR). Given the photophysical properties are fundamentally different to the fluorescent agents currently used in biomedical research, second harmonic generating (SHG) nanoprobes can be suitable for biomedical imaging and can eliminate most of the drawbacks encountered in classical fluorescence systems.
INTRODUCTION

Fluorescent probes
A large variety of genetically encoded fluorescent tags (reviewed in (1)) are commonly used in in vivo optical imaging since the cloning of the green fluorescent protein (GFP) from the jellyfish Aequorea victoria (2) . They provide important tools for biomedical research, as they are relatively bright, photostable, color selective, and pH insensitive. Over the years, they have proven to be particularly important in analyzing a variety of biological processes such as gene expression, the localization and dynamics of fluorescent-tagged proteins or fluorescent marked cell populations (reviewed in (3, 4) ). The optical response of the media can be described by expressing the induced polarization P ω ( ) as a power series of the optical field strength E ω ( ) of the incident light: 
Virtual state
P ω ( ) = χ 1 ( ) ⋅ E ω ( ) + χ 2 ( ) ⋅ E ω ( ) 2 + χ 3 ( ) ⋅ E ω ( ) 3 + ... .
Using SHG Microscopy
Historically, SHG has been characterized extensively in bulk crystalline material. The use of SHG has grown continuously since its beginning: Second harmonic generation (SHG) microscopy is an emerging non-invasive microscopic technique for a wide range of biological and medical imaging. Given the symmetry constraints, SHG can be mainly produced from structures without inversion symmetry combined with a high degree of organization and orientation, such as anisotropic crystals or endogenous structure protein arrays in tissue. Using SHG microscopy, a variety of tissue structures have recently been imaged by virtue of intrinsic signal generated by structured proteins such as collagen fibrils in connective tissues or the actomyosin lattice of muscle cells ( Fig. 2 ) (17). In addition, cell membranes have been labeled with asymmetric styryl dyes generating an SH signal that is sensitive to membrane potential (18, 19) . In clinical research, the effect of molecular therapeutics on tumor growth has been successfully evaluated using non-invasive SHG imaging to estimate collagen tumor dynamics after pharmacologic intervention (20) .
Limitations of SHG Microscopy
However, imaging of endogenous SH signal requires high illumination intensities compared to fluorescent dyes, which can have its own phototoxic effects in long-term imaging applications. Styryl dyes present their own limitations, as high concentrations are necessary to acquire a detectable SH signal, which can affect the fluidity of membranes and may be toxic. In these SHG imaging applications, weak forwarddirected SH signal is detected, requiring microscope modifications to optimize the collection and detection of signal. In addition, the light has to pass through the specimen, making it more difficult to separate the membrane/styryl dye SH signal from the background coming from SHG of tissue structures.
SHG NANOPROBES
As a nonlinear optical process, SHG shares many features of two-photon excited fluorescence. Using pulsed lasers in the infrared wavelength range it benefits from relatively deep optical penetration and reduced ability to cause potential nonspecific phototoxicity (21) . These properties are of vital importance for long time-lapse imaging. However, whereas two-photon excited fluorescence relies on nonlinear absorption, SHG is a coherent process involving only virtual energy transitions. As a result, photodamage considerations do not intrinsically exist, since SHG does not arise from an absorptive process. Since SHG is a coherent process three-dimensional molecular orientation with high spatial resolution can be observed. Moreover, the response time of SHG is at the femtosecond level, four to five orders of magnitude faster than the nanosecond response time of fluorescence, allowing very fast and sensitive detection.
SHG imaging has been used previously, but this use has been limited to special conditions, such as cultured cells, the observation of intrinsic SHG, or the collection of SHG in trans-detection. Each of these previous demonstrations is significant, but none carry the use of SHG forward to the point that it can be used in intact whole organisms.
Based on the photophysical behavior of SHG that is fundamentally different to other fluorescent agents currently used to characterize biological targets, SHG nanoprobes have the potential to provide a unique combination of advantageous properties inherent to SHG that can address the challenges imposed by fluorescent probes allowing experiments characterizing molecular targets of indefinite length, with fast acquisition rates and superb signal-to-noise ratio. They should not be limited by the significant fluorescence lifetime of the dye molecules, nor limited by the significant bleaching of fluorescence dyes (or blinking of QDs). Thus, they can offer a window into time regimes of molecular targets to which other techniques are blind. Since SHG involves only virtual energy transitions, they can provide an excellent sensitivity to smaller numbers of molecule because SHG nanoprobes should not saturate at high illumination. SHG nanoprobes can be imaged using microscope settings very similar to those required for fluorescent probe imaging, as a multi-directional SHG signal has been recently suggested for similar small particles (22, 23) . And since SHG is a coherent process, the range of potential use of SHG nanoprobes can be much larger, as it also encompasses three-dimensional molecular orientation analysis with high spatial resolution (24) . Thus, SHG nanoprobes have great potential to give insight into the dynamics of various biological targets at the molecular level with unmatched sensitivity and temporal resolution (Pantazis et al., in preparation).
